Luminescence dating of the loess/palaeosol sequence at the gravel quarry Gaul/Weilbach, Southern Hesse (Germany) by Schmidt, Esther Dorothe et al.
116 E&G / Vol. 60 / No. 1 / 2011 / 116–125 / DOI 10.3285/eg.60.1.08 / © Authors / Creative Commons Attribution License
E&G Quaternary Science Journal Volume 60 / Number 1 / 2011 / 116–125 / DOI 10.3285/eg.60.1.08www.quaternary-science.net GEOZON SCIENCE MEDIAISSN 0424-7116
Luminescence dating of the loess/palaeosol sequence at the 
gravel quarry Gaul/Weilbach, Southern Hesse (Germany)























Keywords:		 loess, luminescence dating, IRSL, fading, Weilbach, chronostratigraphy
Addresses of authors:		M. Frechen,	E.D. Schmidt*,	A. Semmel†,	Leibniz	Institute	for	Applied	Geophysics	(LIAG),	Section	3:	Geochronology	and	Isotope	
Hydrology,	 Stilleweg	 2,	 30655	Hannover,	Germany.	 E-Mail:	 Esther.Schmidt@liag-hannover.de,	 Estherdorothe.Schmidt@google-
mail.com;	*corresponding author 
 † Einen Tag nach Erhalt eines Briefes mit Korrekturen an unserem gemeinsamen Manuskript, erreichte uns völlig überraschend die 
 traurige Nachricht vom Tode Arno Semmels. Wir werden ihn als Mensch, Kollegen und Wissenschaftler vermissen.
	
Introduction
Loess	 records	are	 sensitive	archives	of	 climate	change	and	
provide	 important	 information	 on	 local	 and	 regional	 en-
vironmental	 processes	 and	 conditions	 for	 the	Middle	 and	
Late	 Pleistocene	 period	 in	 Europe.	The	 southern	 foreland	
of	the	Taunus	mountains	(Fig.1),	which	are	part	of	the	Rhe-
nish	Massif	in	Germany,	consists	mainly	of	Pleistocene	ter-
races	 of	 the	 river	 Main	 covered	 by	 thick	 loess/palaeosol	
sequences.
For	 these	 deposits	 it	was	 suggested	 that	 each	palaeosol	
or	 fossil	 Bt	 horizon	 (=	 fossil	 argillic	 B	 horizon)	 correlates	
to	an	 interglacial	 sensu stricto	 (Fink,	 1973).	 Semmel	 (1967,	
2005)	 questioned	 this	 suggestion	 because	 there	 are	 loess	








ied	 Bt	 horizon,	 intercalating	 the	 loess	 covering	 terrace	 t4,	
was	found	at	the	gravel	quarry	Gaul	located	east	of	Weilbach	
during	the	excavation	of	the	past	years	(Semmel,	2005).	The	
latter	Bt	 horizon	 is	 covered	 by	 two	humic	 horizons	 (“Hu-






















1996;	Antoine	et	 al.,	 2009).	Zöller	&	Semmel	 (2001)	pro-
vided	mean	TL	 age	 estimates	 of	 21	 ka	 for	 loess	 above	 the	
Eltville	Tephra	and	25	ka	below.	So	far	numerical	age	esti-
mates	are	still	lacking	for	the	loess	deposits	from	the	Weil-
bach	 section	making	 it	 difficult	 to	 interpret	 the	 terrestrial	
climate	 archives	 as	well	 as	 to	 correlate	 the	 loess/palaeosol	
sequences	with	other	loess	records.	The	nearby	loess	record	
from	Mainz-Weisenau	was	 described	 in	 detail	 by	 Semmel	
(1995).	Thermoluminescence	 (TL)	age	estimates	 for	 the	de-
posits	 of	 the	 Mainz-Weisenau	 section	 were	 presented	 by	
Buschbeck	 (1993)	and	Zöller	 (1995).	Frechen	&	Preuss-
er	 (1996)	 provided	 thermoluminescence	 (TL)	 and	 infrared	
stimulated	luminescence	(IRSL)	age	estimates.	These	previ-
ous	studies	provided	TL	and	IRSL	ages	up	to	about	100	ka,	
which	was	 thought	 to	 be	 the	upper	dating	 limit	 that	 time	
(Frechen,	1999).
This	 study	 presents	 the	 first	 optically	 stimulated	
luminescence	(OSL)	dating	results	from	the	loess/palaeosol	






work	 for	 this	 loess/palaeosol	 sequence.	 Furthermore,	 we	
want	to	answer	the	question	whether	the	oldest	Bt	horizon	
correlates	 to	 the	 Middle	 Pleistocene	 (antepenultimate	 or	
penultimate	interglacial)	or	to	the	Upper	Pleistocene.	
Loess/palaeosol sequence at the gravel quarry Gaul/
Weilbach 
The	 loess/palaeosol	 sequence	with	 indicated	 sample	 posi-
tions	 for	 luminescence	 dating	 is	 shown	 in	 Fig.	 2.	The	 co-
ordinates	of	the	section	under	study	are	55°46’28,7’’	N	and	
8°44’35,5’’	E.	The	location	of	the	profile	under	study	with-
in	 the	 terrace	 sequence	 of	 river	Main	 is	 shown	 in	 Fig.	 3.	
The	gravel	of	terrace	t4	is	covered	by	carbonate-free	flood	
loam,	 which	 changes	 to	 the	 top	 into	 calcareous	 loess	 (1	
in	 Fig.	 2).	 Sample	Wei	 7	 was	 taken	 from	 this	 loess	 unit.	
This	layer	is	covered	by	a	30	cm	thick	fCc	horizon	includ-
ing	 large	 carbonate	 concretions,	 which	 form	 the	 bottom	
of	a	reddish	brown	fBt	horizon	(2	in	Fig.	2).	The	truncated	
palaeosol	 is	 pale	 coloured	 owing	 to	 secondary	 carbonate	
infiltration.	 In	 the	 profile	 under	 study	 the	 fBt	 horizon	 is	
about	 90	 cm	 thick	 but	 varies	 strongly	 in	 thickness	 along	
the	quarry	wall	owing	to	erosion	postdating	the	soil	form-
ing	 processes.	The	 truncated	 palaeosol	 is	 covered	 by	 car-
bonate-rich,	greyish	brown	loess	loam	(about	30	cm	thick)	




rich	 material	 including	 loess	 loam	 and	 calcareous	 loess,	
which	 is	about	60	 cm	 thick.	Sample	Wei5	was	 taken	 from	
this	unit	(5	in	Fig.	2).	This	layer	is	covered	by	light	brown	
about	 50	 cm	 thick	 loess	 with	 carbonate	 pseudomicelium	
including	a	 truncated	 fCc	horizon	with	up	 to	20	cm	large	
carbonate	concretions	(6	in	Fig.	2).	Sample	Wei4	was	taken	
from	 this	 reworked	 loess.	Along	 the	 quarry	wall,	 reddish	
brown	 remains	 of	 loam	 are	 found	 around	 these	 carbon-
ate	 concretions	 (Fig.	 2a).	Close	 to	 the	profile	 from	Fig.2	 a	
truncated	 Bt	 horizon	 about	 60	 cm	 thick	 is	 exposed	 along	
the	quarry	wall	above	the	fCc	horizon	in	a	dell	filled	with	
loess	 (Fig.	 2b).	The	 uppermost	 part	 of	 the	 loess/palaeosol	
sequence	includes	weak	palaeosols	correlating	to	the	Mid-
dle	Würmian	 Lohne	 Soil	 (7	 in	 Fig.	 2)	 and	 to	 the	 Upper	






the	 local	 stratigraphical	 loess	 scheme	 (Semmel,	1968;	2005)	
suggesting	that	the	oldest	exposed	fBt	horizon	(2	in	Fig.	2)	
correlates	 to	 the	 antepenultimate	 or	 penultimate	 intergla-
cial	 designated	 to	 be	 older	 than	 ~200	 ka.	The	 humic-rich	




glacial.	The	 loess	 sequence	 covering	 the	 fCc	 horizon	 cor-
relates	most	 likely	 to	 the	Middle	 and	Upper	Würmian,	 as	
indicated	by	the	exposed	typical	marker	horizons.
Experimental details




oxide	 to	 remove	 organic	matter.	The	material	was	 then	 re-
Fig. 1: Map showing the location of the loess/palaeosol sequence exposed at 
the gravel quarry Gaul/Weilbach.
Abb. 1: Lage der Löss-Paläoboden Sequenz in der Kiesgrube Gaul/Weilbach.
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a)
b)
Fig. 2: Loess/palaeosol sequence at the gravel quarry Gaul/Weilbach with a) loess concretions of the fCc horizon with remains of brown Bt material 
and b) two fossil Bt-horizons near the profile of Fig. 2. 9 = E3 tundra gley, above the Eltville tephra (Wei1 was taken below), 8 = E2 tundra gley, greyish 
compact loess (Wei2 was taken below), 7 = Lohne soil (Wei3 was taken below), 6 = fCc-horizon with carbonate concretions (Wei4 was taken below), 5 
= reworked humic-rich material (Wei5), 4 = humic-rich horizon (“Weilbacher Humuszone”) (Wei6), 3 = reworked carbonate-rich loess loam, 2 = fBt-
horizon, 1 = oldest loess (Wei7)
Abb. 2: Löss-Paläoboden Sequenz in der Kiesgrube Gaul/Weilbach mit a) Lösskindl im fCc-Horizont mit Resten braunen Bt-Lehms und b) zwei 
fossilen Bt-Horizonten nahe des Hauptprofils. 9 = E3-Nassboden mit hangendem dunkleren Bändchen des Eltviller Tuffs (darunter wurde Wei1 
entnommen), 8 = E2-Nassboden, grauer dichter Löss (darunter wurde Wei2 entnommen), 7 = Lohner Boden (olivgrauer feinblattiger Löss mit CaCO3-
Pseudomycel) (darunter wurde Wei3 entnommen), 6 = fCc-Horizont mit Lößkindeln (darunter wurde Wei4 entnommen), 5 = umgelagerte Humuszone 










lected	 from	 the	 immediate	 surrounding	of	 the	 samples.	A	
water	content	of	20	±	5%	was	estimated	for	all	samples.	It	





and	 potassium	 were	 converted	 into	 infinite-matrix	 dose	
rates	 using	 the	 conversion	 factors	 of	Adamiec	&	Aitken	
(1998)	 and	 water-content	 attenuation	 factors	 (Aitken,	
1985).	Estimation	of	the	cosmic-ray	dose	rate	was	calculated	
according	to	Prescott	&	Stephan	(1982)	and	Prescott	&	
Hutton	 (1994)	 from	 knowledge	 of	 burial	 depth,	 altitude,	
matrix	density,	latitude	and	longitude	for	each	sample.	The	





few	 decades	 to	 several	 hundred	 thousand	 years	 by	 dating	
the	time	that	has	passed	since	the	last	exposure	of	the	mine-





radiation.	The	charge	can	be	 stored	 in	 imperfections	 in	 the	
crystal	 lattice	for	 long	periods.	 In	the	 laboratory	the	grains	
are	first	heated,	and	 then	stimulated	with	 IR	or	blue	LEDs	
which	release	 the	electrons	 from	 their	 traps	 in	 the	 form	of	
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visible	light	(luminescence).	Such	a	measurement	allows	esti-
mating	the	dose	of	radiation	(palaeodose	or	equivalent	dose,	
De)	which	the	crystal	has	absorbed	 since	 the	 last	 exposure	
to	 daylight.	The	 luminescence	 signals	 from	 feldspars	 grow	




























(320–460	 nm).	This	 protocol	which	 includes	 elevated	 tem-














exponential	 saturating	 function.	Tests	were	 carried	 out	 on	
the	same	aliquots	as	for	De	measurement	to	check	for	anom-
alous	fading	and	to	compare	the	fading	rates	of	the	IR50	and	












Fig. 3: Terrace sequence of the river Main in the southern foreland of the Taunus mountains. The Loess/palaeosol sequence is located close to the symbol “t4”.
Abb. 3: Schnitt durch die Main-Terrassenfolge im südlichen Taunusvorland. Das beprobte Profil liegt nahe dem Symbol „t4“.
Sample     Uranium (ppm) Thorium (ppm) Potassium (%)
Cosmic dose rate 
(Gy/ka)
IRSL dose rate 
(Gy/ka)
Wei 1 3.03 ± 0.03  10.09 ± 0.06 1.23 ± 0.01 0.19 ± 0.02 3.00 ± 0.16
Wei 2 3.40 ± 0.03 11.24 ± 0.06 1.38 ± 0.01 0.18 ± 0.02 3.32 ± 0.18
Wei 3 3.24 ± 0.02 11.41 ± 0.06 1.30 ± 0.01 0.14 ± 0.01 3.18 ± 0.17
Wei 4 2.76 ± 0.02 9.38 ± 0.05 1.18 ± 0.01 0.13 ± 0.01 2.72 ± 0.15
Wei 5 2.80 ± 0.03 11.12 ± 0.06 1.31 ± 0.01 0.12 ± 0.01 3.01 ± 0.16
Wei 6 3.33 ± 0.03 13.55 ± 0.06 1.43 ± 0.01 0.09 ± 0.01 3.45 ± 0.18
Wei 7 2.92 ± 0.03 10.73 ± 0.06 1.30 ± 0.01 0.06 ± 0.01 2.94 ± 0.16
Tab. 1: Dose rate data from potassium, uranium and thorium content, as measured by gamma spectrometry. 
Tab. 1: Dosimetrische Ergebnisse basierend auf Kalium, Uran und Thorium Gehalt (gemessen mit Gammaspektrometrie).
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a)
b)
Fig. 4: Dose response and decay curves for samples a) 
Wei 6 and b) Wei 7 showing the IR50 (filled symbols) 
and the pIRIR225 signal (open symbols).
Abb. 4: Aufbaukurve und Zerfallskurve für Proben a) 
Wei 6 (gefüllte Symbole) und b) Wei7 (offene Symbole)
für das IR50 und das pIRIR225 Signal.
Luminescence characteristics and performance tests





pIRIR225.	The	growth	curves	 for	 the	pIRIR225	 lies	above	 the	
curve	for	the	IR50	for	all	samples.	However,	the	shapes	of	the	
growth	curves	are	indistinguishable.	Buylaert	et	al.	(2009)	
observed	 that	 the	 shape	 of	 the	 growth	 curves	 for	 the	 IR50	
and	the	pIRIR225	are	indistinguishable	for	their	samples.	The	
pIRIR225	of	all	the	measured	samples	is	much	brighter	(~10–






























Equivalent Dose (De), fading rates and age estimates
In	Table	 3	 the	 equivalent	 doses,	 dose	 recovery	 results,	 re-
sidual	doses,	g-values	and	the	resulting	luminescence	ages,	
both	 uncorrected	 as	well	 as	 fading	 corrected,	 are	 summa-
rized	for	all	samples.	The	De-s	obtained	using	the	IR50	from	










of	 field	 saturation	 (equilibrium	 between	 the	 accumulation	




















in	agreement	 for	 samples	Wei1-Wei6.	For	 sample	Wei7	 the	
IR50	underestimates	the	pIRIR225.	We	assume	that	the	fading	
corrected	pIRIR225	values	yield	more	reliable	age	estimates.	















Wei7,	which	was	 taken	 from	 the	 calcareous	 loess	 covering	
Fig.5: Dose recovery test (a) and the residual doses (b) for the IR50 and the 
pIRIR225 signal for all samples. Three aliquots were measured per sample. 
Error bars represent 1-sigma standard error.
Abb. 5: Dose recovery test (a) und residuale Dosen (b) für das IR50 und das 
pIRIR225 Signal für alle Proben. Drei Aliquots wurden pro Probe gemessen. 
Die Fehlerbalken stellen den 1-sigma  Standardfehler dar.
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Fig. 6: Fading rates for the post the IR50 and pIRIR225 signals for all samples. 
Three aliquots were measured per sample. Error bars represent 1-sigma 
standard error.
Abb. 6: Fadingraten für das IR50 und das pIRIR225 Signal für alle Proben. 



































correlate	to	the	 last	 interglacial	period	but	very	 likely	cor-
























stratigraphy	 proposed	 by	 Semmel	 (1968,	 2005).	 However,	
they	 support	 the	 assumption	 that	 the	 oldest	 exposed	 fBt	
horizon	 (2	 in	 Fig.	 2)	 correlates	 to	 the	 antepenultimate	 or	
penultimate	 interglacial	 and	 that	 the	 humic-rich	 horizon	
most	likely	correlates	to	the	“Weilbacher	Humuszone”,	des-
ignated	to	be	an	interstadial	period	during	the	early	penul-
timate	 glacial	 period	 (Semmel,	 1968).	 But	 contrary	 to	 the	
suggestion	that	the	fCc	horizon	(6	in	Fig.	2)	most	likely	cor-
relates	to	the	last	interglacial,	an	age	estimate	of	146	±	9	ka	
was	 obtained	 for	 the	 loess	 sediments	 accumulated	 above	
the	 fCc	 horizon	 and	 the	 carbonate	 concretions.	 This	 age	
estimate	 indicates	 that	 the	 soil	 formation	 correlates	 most	
likely	to	a	warm	phase	of	MIS	7.	Sample	Wei1	and	Wei	2	are	
in	 good	 agreement	 with	 the	 stratigraphical	 loess	 scheme	
(Semmel,	1968;	2005)	and	support	 the	assumption	 that	 this	




IR	 IRSL)	protocol	 for	polymineral	fine-grains	of	 the	 loess/
palaeosol	 sequence	 at	 the	 gravel	 quarry	Gaul/Weilbach	 (i)	
to	 set	up	a	more	 reliable	chronological	 framework	 for	 this	
loess/palaeosol	 sequence	 and	 (ii)	 to	 answer	 the	 question	
whether	the	oldest	Bt	horizon	correlates	to	the	Middle	Pleis-
tocene	 (antepenultimate	 or	 penultimate	 interglacial)	 or	 to	
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Fig. 7.: Lithology and luminescence ages of the loess/palaeosol sequence exposed at the gravel quarry Gaul/Weilbach. Fading corrected 
pIRIR225 age estimates are presented.




2 Preheat, 60s at 250°C
3 IR stimulation, 100s at 50°C Lx
4 IR stimulation, 100s at 225°C Lx
5 Test dose
6 Preheat, 60s at 250°C 
7 IR stimulation, 100s at 50°C Tx
8 IR stimulation, 100s at 225°C Tx
9 IR stimulation, 40s at 290°C
10 Return to step 1
Table 2: The elevated temperature post-IR IRSL measurement. 
Tabelle 2: Post-IR IRSL Messprotokoll.
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